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THE STORY OF INOSITOL. I. 


By RUTH WOODS 


Inositol has been known to chemists for almost a century, but it was 
not until twenty years ago that its significance as a factor in microbial nutti- 
tion was discovered. This discovery received little attention until seven 
years ago when inositol was found to be a nutritive essential not only for 
microorganisms but for higher animals as well. Since that time the dietary 
value of inositol has been demonstrated for an increasing number of anima] 
species, including man. Whether inositol is, however, an absolutely indis- 
pensable constituent of the diet is still a much-debated question and one 
which awaits further experimental studies and a clearer understanding of 
the biological role of this substance in the body economy. Present knowledge 
of inositol indicates that a deficiency of this factor inhibits growth and is 
associated with specific deficiency symptoms which vary according to the 
species involved. The chief biochemical function of inositol appears to be 
one associated with the various phases of fat metabolism, the compound 
being particularly concerned with the phenomenon of lipotropism. 


Discovery and Early History: © 


Inositol was discovered in animal tissues, particularly in muscle, by the 
German chemist Scherer (1) in 1850 and was reported by Maquenne (2) 
nearly forty years later, to be a hexahydroxycyclohexane (Fig. 1) compar- 
able to a cyclic form of glucose. 


H H 4H 
a 


o/ ins Ho /OH aN 
H\d H 40 oH H\H on /OH 


oH OH 
Fig. 1 d-glucose s-inositol 


This type of compound was demonstrated by Bouveault (3) to be capable 
of existing in seven different optically inactive forms and in one optically 


_ active pair of isomers. The biologically active form of inositol is one of 


the optically inactive forms known as i-inositol or meso-inositol. The actual 
structural configuration of meso-inositol was not determined until 1942 when 
the work of Dangschat and Fischer (4) and of Posternak (5) demonstrated 
its stereochemical structure as shown in Figure I. 
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Nutritional Significance: Nearly eighty years elapsed between Scherer’s 
discovery of inositol and the first intimation that the material possessed 
nutritional significance. Like many other discoveries in nutrition, the recog- 
nition of the action of inositol came about through investigations in a 
totally different field. In this case it originated in the studies on the fabulous 
“bios,” a hypothetical growth factor for yeast. During the course of studies 
on the actual existence and nature of this factor, an active concentrate was 
obtained and fractionated into several components possessing varying chemi- 
cal and biological characteristics. One of these fractions, separated from 
a bios concentrate extracted from tea leaves, was reported to be a growth 
stimulant for yeast and was identified in 1928 by Eastcott (6) as inositol. 
Her work was not readily accepted at first largely because the basal media 
used by other workers were, at that time, inadequate in other respects and 
resulted in widely different findings. As the nature of bios constituents 
became known, making possible the preparation of adequate, synthetic 
growth media for yeast and other microorganisms, Eastcott’s work was 
confirmed and the indispensability of inositol as a growth stimulant not 
only for yeast, but for other fungi as well (7, 8, 9) was soon established. 
Thus far, however, there has been no evidence indicating that any of the 
bacterial species require inositol. In fact, Woolley (10, 11) has pointed out 
that, with few exceptions, many bacteria do not even contain inositol in 
their cells—at least in detectable amounts. As Woolley (12) further points 
out, if this failure to detect inositol in several bacteria really is due to its 
absence from these species and does not merely represent lack of sufficient 
sensitivity of the assay procedure, it constitutes an exception to the current 
theory that all those water-soluble vitamins which are not required in the 


medium are synthesized by the cell. 


Inositol in Animal Nutrition: 


The first indication that inositol plays a significant part in the nutrition 
of higher animals came in 1940 when Woolley (13) reported that the 
mouse required a new vitamin for normal growth and for the maintenance 
of hair and of normal skin condition. A short time later, during the same 
year, Woolley (14) identified the new, so-called “mouse anti-alopecia 
factor’ as inositol or as the calcium and magnesium salt of inositol hexa- 
phosphate, phytin, a well-known constituent of cereal grains. Both phytin 
and inositol were found not only to prevent the deficiency condition in 
mice, but to cure the condition by actual restoration of hair and by stimula- 
tion of appreciable gains in weight (15). 
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Mouse Alopecia: The occurrence of alopecia or baldness in mice on a 
diet deficient in inositol was characterized by the unusual pattern of the 
disease. Woolley (13) found that hair was never lost from the head or 
tail or from the legs below the knees. Hair was lost on most other parts 
of the body, invariably in bilaterally symmetrical areas, and the loss in 
these areas was nearly complete. It is of interest to note that Martin (16) 
in similar studies on inositol deficiency found only slight loss of hair in 
the affected animals. Martin’s findings may be based on differences in the 
basal diet used. For example, Woolley (11, 17) observed that the amount 
of pantothenic acid in the diet had a marked influence on the appearance 
of the symptoms of inositol deficiency. Thus, on a pantothenic acid free 
diet, alopecia developed even though the ration contained large amounts 
of inositol. However, in the presence of large amounts of pantothenic acid 
and in the absence of inositol, a significant percentage of the animals still 
developed signs of inositol deficiency and died unless supplements of inositol 
were administered. 


Other Animal Species: Inositol deficiency, manifested in different forms, 
has been demonstrated in the rat, cotton rat, guinea pig, hamster, pig, dog 
and chicken. In the rat, inositol has been found to possess lipotropic activities 
under various conditions* (18, 19, 19a, 20, 21, 22). The so-called “‘spectacle- 
eye” condition in rats, characterized by loss of hair around the eyes, was 
attributed by Pavcek and Baum (22) to a deficiency of inositol, although later 
studies by other investigators (23) seemed to point to biotin deficiency as the 
cause of this symptom. Experiments by Cunha e¢ a/ (24) on rats fed a 
non-purified diet (i.e, made up largely of natural foods—corn, soybean 
meal, alfalfa and mineral salts) resulted in poor growth of the animals 
and the development of an alopecia similar to that in mice described by 
Woolley. The symptoms were cleared up by feeding pure inositol. The 
natural diet provided by these workers probably supplied considerable 
amounts of phytin which apparently was nutritionally unavailable to the 
rat. This is an interesting point in view of Woolley’s (14, 15) demonstration 
that phytin, as well as inositol, was effective in curing similar symptoms in 
mice. Some workers have reported that rats can be raised successfully to 
maturity without inositol (25, 26), while others have reported a definite 
increase in rate of growth of rats on purified diets supplemented with ino- 
sitol (19). 

One of the most significant demonstrations of the biological activity 
of inositol is that of McIntire, Schweigert and Elvehjem (27) who reported 
that the addition of this vitamin to a highly purified diet nearly doubled 





*cf. Borden's Review of Nutrition Research, November, 1947 “The Nutritional Role of Lipo- 
tropic Factors.” 
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the growth rate of cotton rats. Improved growth rates, of a lesser order, 
were also reported by Hogan and Hamilton (28) for guinea pigs which 
received supplements of inositol on a partly purified diet. Cooperman et al 
(29) reported growth stimulation in hamsters following addition of inositol 
to a purified diet. 

Hogan and Hamilton (30) in a later study did not observe improved 
growth following inositol supplementation in hamsters, but did find evidence 
indicating its necessity in the diet of this species. They found that hamsters 
raised on the inositol deficient diet had difficulty in reproduction. Many 
of the young were born dead or as bloody, shapeless masses and some of 
the mothers died during parturition. These disturbances did not occur in 
animals fed inositol. 


Several reports have appeared indicating varied needs for inositol in 
poultry. Hegsted and coworkers (31) noted a slight improvement in the 
growth of chicks receiving inositol, while Jukes et al (32) observed similar 
effects in turkey poults. Lack of inositol in turkey poults was manifested, in 
addition to poor growth, by a special type of anemia. Dam (33) found that 
the brain degeneration and exudative diathesis (an accumulation of serous 
fluid under the skin) characteristically exhibited by vitamin E-deficient 
chicks could be prevented by feeding inositol. More recently, a report by 
Herrmann (34) indicated that accumulations of cholesterol in the tissues 
of old hens are demobilized by feeding inositol. 


In pigs, inositol has been reported to relieve symptoms of biotin deficiency 
(35) apparently by stimulating intestinal synthesis of biotin. 


Inositol and Other Vitamin Interrelationsbips: 


Although an appreciable amount of evidence exists pointing to the 
importance of inositol in the diet of experimental animals, there is still 
considerable difference of opinion as to whether inositol should be regarded 
as a dietary essential. A large part of the discrepancy in findings among 
various groups and a good deal of the difficulty in evaluating results can 
be attributed to the profound influence which other dietary constituents 
have on the biological action of inositol and vice versa. Some of the observed 
interactions between inositol and the various vitamins are summarized below: 


Inositol and Biotin: Recent experiments by Lindley and Cunha (35) 
with young swine indicate a possible interrelationship between inositol and 
biotin which may serve to reconcile the apparently contradictory findings 
on spectacle-eye condition in rats reported by Pavcek and Brown (22) and 
by Nielsen and Elvehjem (23). This relationship became apparent when 
various sulfonamides were incorporated into purified diets as a means of 
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producing experimental vitamin deficiencies.* Lindley and Cunha found 
no demonstrable effect on either growth or efficiency of feed utilization as 
a result of adding either inositol or biotin to a sulfaguanidine-containing 
basal ration fortified with thiamine, riboflavin, niacin, pyridoxine, panto- 
thenic acid and choline. When, however, the sulfaguanidine was replaced 
by sulfathalidine, a marked biotin deficiency developed which was found 
to respond well to supplementation with inositol. The possibility was sug- 
gested that in the pig inositol functioned indirectly by stimulating the intes- 
tinal synthesis of biotin. 


Inositol and Pantothenic Acid: Woolley’s findings, previously discussed, 
demonstrated that the incidence of alopecia in mice was in some measure 
dependent upon the pantothenic acid content of the diet. The absence of 
pantothenic acid precipitated symptoms of alopecia even in the presence 
of adequate dietary inositol. That the alopecia was due primarily to inositol 
deficiency, however, seems to be indicated by the fact that the deficiency 
developed in the absence of inositol despite the inclusion of large amounts 
of pantothenic acid in the ration. 


Inositol and Para-aminobenzoic Acid: There is considerable evidence con- 
cerning the mutual influences exerted upon each other by inositol and 
p-aminobenzoic acid, but unfortunately interpretation of the phenomena 
involved is still largely in a state of disagreement. Thus, Martin (36) found 
that the addition of p-aminobenzoic acid to a highly purified ration produced 
poor growth and changes in fur which were prevented by the addition of 
inositol. Similar observations were reported by Ershoff and McWilliams 
(37) and by Sure (38). However, when the diet was supplemented by 
inositol alone—and no p-aminobenzoic acid—a definitely harmful effect 
was observed which could be prevented by adding p-aminobenzoic acid. A 
final odd fact was that the diet appeared to be quite adequate when both 
p-aminobenzoic acid and inositol were absent. 

Additional studies on inositol-p-aminobenzoic acid interrelationships by 
Sure (39) indicated that both of these compounds, particularly inositol, 
considerably improved the percentage survival of newborn rats when fed 
to mothers receiving a highly purified diet. In later studies Sure (38) at- 
tributed this effect to p-aminobenzoic acid, while Climenko and McChesney 
(40) supported his earlier view that inositol was responsible for this effect. 


Inositol-Vitamin E-Unsaturated Fatty Acids: Several studies point to a 
possible interrelation among inositol, vitamin E and certain unsaturated 





*cf. Borden’s Review of Nutrition Research, June, 1946 “Nutrition Studies with the Sul- 
fonamides.” 
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fatty acids. As has been pointed out, inositol has been reported to prevent 
certain symptoms of vitamin E deficiency in the chick (33). It has also been 
shown to be effective in removing cholesterol from hen’s tissues and from 
the aorta (34). Vitamin E has been found by Dam (41) to be effective in 
reducing the normal cholesterol content of chick muscles, as well as the 
abnormally increased muscle cholesterol of chicks fed a high cholesterol 
diet. Unlike inositol, however, vitamin E has no effect on the cholesterol 
content of the aorta, a factor of considerable significance in the phenomenon 
of arteriosclerosis. Furthermore, Dam (42) has shown that the nature 
and amount of the fatty acids in the diet markedly influence the sequence 
and severity of symptoms of vitamin E deficiency. The greater the percentage 
of unsaturated fatty acids, the more severe the manifestations of vitamin E 
deficiency. Similarly, Handler (43) has recently shown that unsaturated 
fatty acids inhibit the lipotropic activity of inositol and suggested a possible 
synergistic activity of inositol and vitamin E in this system, although vitamin 
E alone exhibits no lipotropic activity. 


Inositol Antimetabolites: 


At the present time only one inositol antagonist of the structurally ana- 
logous, competitive inhibitory type* is known. This is hexachlorocyclo- 
hexane, an analog of inositol in which all of the hydroxyl groups are replaced 
with chlorine atoms (Fig. 2). Hexachlorocylcohexane inhibits the growth 
of yeast (44) and fungi (45) and can be counteracted by the provision of 
additional inositol. Hexachlorocyclohexane is known commercially as “gam- 
mexane,” a powerful fungicide developed in Britain during the war. 


CHOH CHCE 
HOH CHOH CLHC CHCE 
HOHC CHOH we ae 
~_ CHCE 
Fig.2  bexabydroxycyclobexane hexachlorocyclobexane 


The activity of inositol may be affected or inhibited in ways other than 
competitive inhibition by the various vitamins. In addition to those already 
discussed, is nicotinic acid. Martin et al (46) observed that inositol markedly 
increased the peristalsis of the stomach and small intestine of the dog, while 
nicotinic acid caused a decrease. They suggested that the ratio of nicotinic 





*cf, Borden's Review of Nutrition Research, October, 1946 ‘“‘The Anti-Vitamins.” 
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acid or similar compounds with respect to inositol may be the nutritional 
factor which determines the degree of motility of the gastrointestinal tract 


in the dog. 


Inositol Biosynthesis: 


Intestinal Biosynthesis: Presumptive evidence for the synthesis of inositol 
within the animal body has existed for some time. As early as 1858, for 
example, a medical paper appeared in which it was reported that inositol 
had been isolated from the urine of a patient with diabetes insipidus in 
quantities far in excess of the amount which, according to present knowledge, 
could have been obtained from food (47). The extra inositol might have 
arisen either as a result of synthesis or from tissue breakdown. A more 
positive indication of the likelihood of synthesis was reported in 1924 by 
Needham (48). He found that rats made to excrete abnormally large 
amounts of urine by excessive salt feeding, also excreted more inositol than 
had been ingested. Since the excess excretion of inositol continued for long 
periods of time, is was concluded that inositol was being synthesized by 
the animals. 

Conclusive evidence for the intestinal biosynthesis of inositol by mice 
was obtained in 1942 by Woolley (11). He maintained groups of mice on 
a highly purified ration free of inositol. The animals were sacrificed at regular 
periodic intervals and their tissues analyzed for inositol content. The values 
found were compared with those obtained from animals on a normal ade- 
quate stock diet and from animals receiving a supplement of inositol to the 
purified diet. It was found that the tissues of the animals in the experimental 
group gradually increased in total inositol content even though none of 
this substance was ingested. The values were comparable to those found 
in control animals on the stock diet and, as may be expected, were somewhat 
lower than those found in animals receiving dietary supplements of inositol. 
Hitherto unexplained instances of spontaneous recovery from inositol defi- 
ciency alopecia were interpreted as evidence of sufficient biosynthesis of 
inositol in the deficient animal. This was confirmed by the observation that 
cultures from the intestinal tract of animals which exhibited spontaneous 
cure of alopecia yielded microorganisms which synthesized much more 
inositol than did organisms isolated in the same fashion from the intestinal 
tracts of mice that had become hairless. As has already been pointed out, 
the presence of pantothenic acid in the diet was an important factor in 
stiraulating the biosynthesis of inositol. 


Influence of Sulfonamides: A further, indirect indication of the intes- 
tinal biosynthesis of inositol in rats may be found in the studies of Nielsen 
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and Black (49). They found that animals on a highly purified diet con- 
taining all the known vitamins failed to grow well and developed alopecia 
when fed sulfasuxidine. The condition was restored to normal by the admin- 
istration of inositol. This indicated either that the sulfa drug somehow 
increased the demands of the organism beyond its synthesizing capacities, 
or more likely, that the intestinal microorganisms which were checked by 
the bacteriostatic action of the drugs had been acting as a source of inositol. 


Relation to Streptomycin: An interesting relationship has been pointed 
out (50) between inositol and streptomycin, one of the newer antibiotics. 
Streptomycin contains as part of its structure tetrahydroxymeta-diguanidino- 
cyclohexane, a compound which may be chemically degraded to yield an 
optically inactive metadiamino-inositol. It has not yet been determined 
whether this molecule possesses the same configuration as i-inositol. It is 
interesting to speculate on the possible inositol or anti-inositol activity of 
a compound which is not only antibiotic, but which is a closely related 
structural analog of inositol. 





The metabolism of inositol, its biochemical role in the living organism 
and its potential significance in human nutrition will be described in the 
following issue of Borden’s Review of Nutrition Research. 
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NEWS DIGEST 


FOLIC ACID IN RADIATION 
THERAPY—tThe use of folic acid in 
conjunction with routine radiation therapy 
in certain malignant disorders of the 
blood has been found to be an effective 
means for overcoming many of the harm- 
ful reactions to radiation therapy as well 
as for improving the blood condition. 
Results of studies on over 200 patients 
have recently been reported. Of this 
group, 122 received routine radiation 
therapy plus periodic blood transfusions. 
Although some improvement in the 
course of the disease was noted, the 
radiation reactions and depressing effects 
on bone marrow activity were very severe. 
A smaller group of 17 patients was treated 
with folic acid alone without any demon- 
strable effect on the blood disease. A 
combination of folic acid with the radia- 
tion and transfusion therapy was used in 
a group of 69 patients. In this group, the 
addition of folic acid apparently decreased 
the harmful and depressant effects of 
radiation therapy on the bone marrow. In 
addition, less frequent transfusions were 
needed and a more beneficial influence as 
the course of the disease during radiation 
therapy was noted. Am. J]. Med. 1, 634 
(1946). 


TRYPTOPHANE REQUIRE- 
MENT — A tentative figure for the re- 
quirement of the amino acid, tryptophane, 
was recently established on the basis of 
careful tests yielding identical results in 
two human subjects. In each, the mini- 
mum level compatible with consistent 
nitrogen equilibrium proved to be 0.15 
gm. per day. Dr. Rose cautioned that it 
would not be a safe procedure to recom- 
mend the minimum intake of any dietary 
component, since some variation in the 
requirement may occur in different indi- 
viduals. In all probability the daily intakes 
which will be recommended will exceed 


the minimum by 100 per cent, to provide 
a sufficient ‘factor of safety,” at least in 
normal individuals. That this is true of 
tryptophane is shown by the fact that 18 
persons have been kept in nitrogen bal- 
ance with daily intakes of 0.3 gm or less. 

The following table has been prepared 
to show the approximate quantities of 
generally used foods needed to furnish 
0.3 gm. of tryptophane. 


FOOD QUANTITY 
Whole mi .................. 650 cc. 
Whole eggs .................. 150 gm. 
Se FN cocenetesrnenacons 100 gm. 
IE I sccteenscsesancnnin 145 gm. 
White bread .................. 275 gm. 
Cooked rolled oats ........ 850 gm. 


—]. Am. Diet. Assoc. 23, 107 (1947) 


VITAMIN RETENTION IN 
DRIED MEATS — Commercial samples 
of dehydrated pork and corned beef hash 
were analyzed to determine the extent of 
vitamin retention following processing 
and storage. No significant loss of ribo- 
flavin or of niacin was found in either 
product at temperatures between 0° and 
120°F. after storage periods up to 42 weeks 
Thiamine was stable at 40°F., but with 
an increase in temperature to 70°F. there 
was a noticeable loss after 30 days and a 
large loss after 42 weeks. At 100° and 
120°F. the loss was apparent after one 
week and almost complete after 10 weeks’ 
storage. The stability of biotin was similar 
to that of riboflavin and niacin, whereas 
folic acid resembled the pattern of thia- 
mine.—Food Research 11, 419 (1946). 


EFFECT OF SALAD DRESSINGS 


ON VITAMIN C — Salads made with 
French dressing were found to retain more 
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of the vitamin C of the greens than similar 
salads made with the same amount of 
plain vinegar (acetic acid). The explana- 
tion for this observation may lie in the 
fact that vinegar apparently contains traces 
of metals which hasten the oxidative de- 
struction of vitamin C. Seasonings in the 
French dressing, however, were thought 
to exert a protective action on the vitamin. 
The losses in vitamin C became apparent 
after a period of two hours during which 
the salads, mixed with dressing, were kept 
standing in enameled bowls at room tem- 
perature. Following good culinary practice 
which dictates that greens be served well 
chilled and mixed with the dressing just 
before eating, therefore, insures not only 
palatable salads, but maximum retention 
of their vitamin content—Food Research 
12, 27 (1947). 


B-VITAMINS AND FOOD UTILI- 
ZATION—Animal experiments have in- 
dicated that vitamin B complex deficiency 


interferes seriously with the intestinal ab- 
sorption of glucose. Such deficiency also 
causes marked loss of appetite and, conse- 
quently, of weight. A striking increase 
above normal was observed with respect 
to intestinal absorption of glucose, food 
consumption, food utilization, and weight 
gain in animals during recovery from such 
a deficiency with a vitamin B complex sup- 
plement. No one individual component of 
the B complex was found to be alone 
responsible for these effects. Thiamine 
was found to have the greatest influence 
on the digestive functions of the body 
during recovery. Pantothenic acid and 
riboflavin were less effective. Pyridoxine 
seemed to be least effective. The investi- 
gators stress the importance of the vitamin 
B complex in the nutritional rehabilitation 
of war-stricken populations. They point 
out that since the B vitamins increase the 
efficiency of food utilization, the effect is 
virtually that of augmenting available food 
sources.—Gastroenterology 7, 469 (1946). 





